To determine the association between out-of-pocket costs and medication adherence in 3 common neurologic diseases.
Prescription drug costs continue to rise in the United States, with an increasing amount of the financial burden being shifted to patients through out-of-pocket (OOP) costs. 1 Neurologist-prescribed medications accounted for approximately $5 billion in Medicare Part D payments in 2013 (4.8% of total payments), an amount likely to climb as new, highpriced neurologic medications become available. 2 Previously, we demonstrated that patient OOP costs are increasing for frequently prescribed neurologic medications, especially for patients in high-deductible health plans. 3 However, the effect of OOP costs on adherence to neurologic medications, outside of multiple sclerosis, is unknown. [4] [5] [6] Previous studies have revealed an association between OOP costs and nonadherence in patients with rheumatoid arthritis and in those with diabetes. 7, 8 Pertaining to neurologic medications, 3 studies have found associations between OOP costs and lower adherence to disease-modifying therapies for multiple sclerosis. [4] [5] [6] However, many of these studies were small, did not account for the choice of medication, had selection bias, or had the potential for residual confounding. Furthermore, the effect of OOP costs for less expensive neurologic medications has not been studied.
We aimed to determine the association of OOP costs and medication adherence for patients with neuropathy, dementia, and Parkinson disease (PD). These conditions were selected because they are common and have sets of neurologic medications with similar efficacy and tolerability but variation in OOP costs. These scenarios allowed us to employ an instrumental variable modeling approach. This approach can mitigate the effect of unmeasured confounders and thus may identify the most reliable estimate of causal effects using observational data. 9, 10 We also investigated the association between demographic and other patient factors on medication adherence.
Methods

Population
We utilized the deidentified Clinformatics Datamart (Optu-mInsight, Eden Prairie, MN) database, which contains detailed medical and pharmaceutical claims on more than 73 million individuals insured by United Healthcare from 2001 to 2016. The pharmaceutical claims included information on medication name, number of prescription days supplied, and cost. We identified patients who had an outpatient visit linked to 1 of 3 neurologic disease diagnoses and had a relevant neurologic medication prescribed within the following 12 months. Outpatient visits were determined using place of service codes. Diagnoses were identified using ICD-9/ICD-10 codes; specifically, peripheral neuropathy (356 [all-inclusive], 357 [except 357.0, 357.81], G60, G62, G63, G652), dementia (331 except for 331.3/4/5, G30, G31), and PD (332, G20, G21). 11 Previous studies have reported high specificities using similar neurologic ICD-9 coding algorithms to identify neurologic conditions. 12 We identified 4 sets of relevant medications that have similar efficacy, tolerability, and mechanisms of action, but differential OOP costs. Differential OOP costs were determined by using data from our previous study. 3 Neuropathy has 2 such sets of medications that fulfill these criteria from 2005 to 2016: pregabalin/gabapentin (gabapentinoids) and duloxetine/ venlafaxine (mixed serotonin/norepinephrine reuptake inhibitors [SNRIs]). [13] [14] [15] A meta-analysis found no significant differences in efficacy (pain scale, standardized mean difference [SMD]) for duloxetine/venlafaxine (SMD: 0.21, −0.81 to 1.21) and pregabalin/gabapentin (SMD: 0.19, −0.69 to 1.07). 13, 14 There were also no clear differences in rates of common adverse events among the drug pairs. 13 In dementia, galantamine/rivastigmine and donepezil (cholinesterase inhibitors) demonstrated similar levels of efficacy (Mini-Mental State Examination or Bristol Activities of Daily Living Scale) with differential OOP costs from 2012 to 2016. 16, 17 There were no differences in rates of serious adverse events between the cholinesterase inhibitors. 16 In PD, ropinirole and pramipexole (dopamine agonists) fulfill these criteria from 2009 to 2016. 17 Specifically, a meta-analysis found no difference in efficacy (using the Unified Parkinson's Disease Rating Scale, mean difference: 3.19, −10.28 to 16.71) and tolerability (withdrawal odds ratio: 0.67, 0.34-1.28) between ropinirole and pramipexole. 17 Our previous study found that the average OOP cost for a 30- The population was restricted to patients with at least 24 months of continuous enrollment before the first neurologic diagnosis, to capture incident diagnoses. To further limit the population to those with a first prescription in a particular class, we excluded patients who had one of the disease-specific medications prescribed in the 24+ months prior to diagnosis. After initial neurologic diagnosis, we restricted our analysis to patients who had the medication prescribed within 12 months and required patients to be continuously enrolled in their insurance plan for at least an additional 6 months after their first prescription.
Demographics and clinical variables
The database included information on patient age, sex, race/ethnicity, geographic region, education level, household income, insurance plan type, high-deductible health plan status, and Charlson comorbidity index (CCI). 18 We also calculated the OOP costs by combining the copay and deductible payments for the initial medication prescription. OOP costs were scaled to represent costs for a 30-day medication supply.
Outcomes
Medication adherence was a continuous variable of the totalnumber of days the specific medication was supplied in the first 6 months following the initial prescription. The medication possession ratio (MPR) was also calculated as the proportion of days-supply the specific medication was prescribed in the first 6 months following initial prescription. 19 
Statistical analysis
Descriptive statistics were used to characterize the patients taking the medications of interest in the 3 neurologic diseases. We utilized negative binomial regression to model the number of days the medication was supplied to the patient during the first half year of follow-up as a function of OOP cost, choice of medication, demographic (including sex, age, race, education, household income, geographic location), and patient factors (insurance type, high-deductible health plan, and CCI). Negative binomial regression is a standard approach when modeling overdispersed count data, such as medication days-supply. In each regression analysis, OOP costs were scaled to represent a $50 increase for a 30-day supply of the medication.
Instrumental variable approach
To take into account the likely unmeasured confounding in the relationship with adherence, our primary analysis utilized an instrumental variable regression approach. 9,10 Instrumental variable approaches can be used to estimate the causal effect of OOP cost on adherence even when not directly adjusting for unmeasured confounders if 2 key assumptions are met: (1) the instrument is strongly associated with the exposure of interest and (2) there is no relationship between the instrument and the outcome, other than through the key exposure (the exclusion restriction).
In this case, we used choice of individual medications for the same condition with similar efficacy and tolerability as an instrument. We knew, from prior work, that individual medications are strongly associated with OOP costs, thereby satisfying the first instrumental variable assumption. 3 While the exclusion restriction cannot be tested directly, it is reasonable within these groups of medications that the primary determinants of adherence-efficacy and tolerability-are similar across our selected medications. Specifically, we utilized the 2-stage residual inclusion approach. 10 The standard errors for the negative binomial regression models were estimated from 1,000 bootstrap samples.
The secondary analysis utilized the conventional regression approach by fitting fully adjusted negative binomial regression models for the days-supply outcome as a function of OOP cost, medication choice, and demographic and other patient factors.
In the fully adjusted model, we also evaluated the interaction between medication choice and OOP cost.
Data management was completed using SAS version 9.4 (SAS Institute, Cary, NC). Regression analysis and figures were completed using R version 3.4.2.
Standard protocol approvals, registrations, and patient consents
The University of Michigan institutional review board determined that this study was exempt.
The Clinformatics Datamart (OptumInsight) database is commercially available.
Results
We identified 52,249 patients with neuropathy and gabapentinoids (7,648 pregabalin, 44,601 gabapentin), 5,246 patients with neuropathy and SNRIs (1,499 venlafaxine, 3,747 duloxetine), 19,820 patients with dementia and cholinesterase inhibitors (18,679 donepezil, 1,141 galantamine/rivastigmine), and 3,130 patients with PD and dopamine agonists (1,510 pramipexole, 1,813 ropinirole) who met all selection criteria. Few patients switched medications during the 6 months of follow-up (neuropathy-gabapentinoids: 5.0%, neuropathy-SNRIs: 2.1%, dementia: 8.9%, PD: 4.7%). Demographic and other patient factors are provided in tables 1-3. Typically, patient OOP costs did not change during the 6 months of followup. For each medication scenario, the median difference in OOP cost between the first and last prescription was $0.
Neuropathy: Gabapentin vs pregabalin
In each year after 2007, the average MPR was higher for gabapentin than it was for pregabalin (2008 pregabalin: 0. Based on instrumental variable analyses, we found that a $50 increase in OOP cost for a 30-day medication supply was The OOP effect estimates were similar in the fully adjusted model (adjusted IRR: 0.93, 0.91-0.94). There was not a significant interaction effect between the medication choice and OOP cost, suggesting that the OOP effect on adherence was not significantly different among the 2 medications.
Neuropathy: Venlafaxine vs duloxetine
The MPRs for the 2 medications were similar between 2005 and 2012, with MPR differences ranging between 0.0 and 0.04 ( figure 1C 1H) .
Results from the instrumental variable regression model estimated that $50 increases in 30-day supply OOP costs were associated with lower medication adherence (adjusted IRR: 0.90, 0.81-1.00), but the result was not statistically significant (p = 0.052). In contrast to the other disease comparisons, adherence was not significantly different among Asian (adjusted IRR: 0.99, 0.88-1.12), black (adjusted IRR: 0.99, 0.90-1.08), Hispanic (adjusted IRR: 0.96, 0.89-1.03), and white patients. CCI score (adjusted IRR: 0.98, 0.97-0.99) and having ≥$100,000 household income (adjusted IRR: 1.09, 1.02-1.17, ref < $40,000) were significantly associated with medication adherence for patients with PD.
The fully adjusted regression model found a significant association between $50 increases in 30-day supply OOP costs and adherence (adjusted IRR: 0.96, 0.93-0.99). Similar to the instrumental variable approach, the only other factors that were significantly associated with adherence were CCI score (adjusted IRR: 0.98, 0.97-0.99) and having a ≥$100,000 household income (adjusted IRR: 1.09, 1.01-1.18, ref = <$40,000).
There was not a significant interaction between medication choice and OOP cost on adherence.
The predicted adherence by OOP cost from the instrumental variable regression for the typical patient in each of the 4 medication scenarios are displayed in figure 2 . Adherence decreases as OOP costs increase for all 4 medication scenarios. Predicted medication supply by out-of-pocket cost for patients in the most common demographic groups for each medication-disease scenario. MPR = medication possession ratio; SNRI = serotonin/norepinephrine reuptake inhibitor.
Discussion
Using an instrumental variable regression approach based on a large, nationally representative, privately insured claims database, we found that higher OOP costs are associated with lower medication adherence in neuropathy, PD, and dementia. These findings were statistically significant for 2 of the 4 medication sets and borderline significant for a third. Reassuringly, the association between higher OOP cost and lower medication adherence was also seen for all 4 medication sets when using a more conventional modeling approach. The neurologic conditions and corresponding medications identified in this research are highly prevalent, accounting for over 5 million supply-months prescribed in 2013 through Medicare part D. 2 We also found that Asian, black, and Hispanic patients consistently had lower medication adherence than white patients across the 3 neurologic diseases and 4 medication scenarios. Therefore, interventions to increase medication adherence in these populations is critically important to reducing health care disparities.
Previous studies found associations between higher OOP cost and lower medication adherence for patients with multiple sclerosis, but when the OOP cost ranges were small, this association did not persist. 5, 6 In contrast, we found significant associations between OOP cost and adherence with the relatively inexpensive medications for neuropathy, dementia, and PD. Our results are similar to what has been demonstrated with small changes in OOP costs for patients with diabetes. 7 Compared to previous studies, our instrumental variable analytic approach allowed us to best estimate the causal relationship between OOP costs and medication adherence by limiting selection bias, residual confounding, and the confounding inherent to medication choice. We were able to more granularly measure adherence by modelling dayssupply through a negative binomial regression. Interestingly, the predicted adherence for the most typical patients based on OOP costs followed similar and overlapping trends across different disease and medication scenarios (figure 2). These results indicate that OOP costs have a highly predictable effect on medication adherence that has little to do with the indication or medication choice.
Though many factors that give rise to high OOP costs are not in the physician's control, providers can influence medication choice in a substantial way. When choosing among medications with differential OOP costs, prescribing the medication with lower OOP expense will likely improve medication adherence while reducing overall costs. For example, prescribing gabapentin or venlafaxine to patients with newly diagnosed neuropathy is likely to lead to higher adherence compared with pregabalin or duloxetine, and therefore, there is a higher likelihood of relief from neuropathic pain. Given that systematic reviews of medications for painful diabetic neuropathy demonstrate similar efficacy of these medications, cost becomes an important factor. [13] [14] [15] Although associations between improved care coordination and increased adherence have been inconsistent, future studies should assess whether better care coordination can improve adherence, even in those with high OOP costs. [20] [21] [22] Patients increasingly identify lower costs as a top health care priority, emphasizing the importance for physicians to be mindful of the direct effects on patients' pocketbooks. 23 Furthermore, because dementia (associated with cardiovascular diseases and diabetes) and neuropathy (associated with diabetes) are associated with other conditions that require medication, the effect of OOP costs on drug adherence may be magnified. [24] [25] [26] Interestingly, combination pills and extended-release formulations are marketed to increase medication adherence, but whether the higher OOP costs of these medications mitigates or reverses any advantage to the original formulation is unclear and deserves further study. Whereas the effectiveness of extended-release formulations has been studied in a handful of epilepsy medications, no studies have taken into account the effect of OOP costs, as most are performed as part of clinical trials where patients do not bear the cost of the medications. 27 Future studies are needed to determine if combination pills and extended-release formulations improve real-world medication adherence, taking into account OOP costs.
While physicians should consider OOP costs as a possible way to maximize patient medication adherence, patient cost information is generally not readily available at the time medication decisions are made. Embedding OOP cost information in the electronic health record is one approach. While providing total costs in the electronic health record has been shown to reduce laboratory testing utilization, the effect of providing OOP cost information has not been studied. [28] [29] [30] The frequency of patient insurance changes and the complexity of how drugs are tiered in the hundreds of available plans are challenges to implementing this method. Another approach is clinical decision support systems (CDSS) aimed at improving prescription patterns. Previous studies have shown that CDSS can be successful in altering prescribing behavior, especially in scenarios where the prescription system initiated the decision support. 31 34 Similarly, Hispanic patients with diabetes had lower adherence rates than white patients in all English proficiency groups. 35 Moreover, white patients had higher adherence compared to nonwhite patients treated for hypertension, depression, hyperlipidemia, asthma/chronic obstructive pulmonary disease, diabetes, and osteoporosis. 36 The consistency of these results with our data highlights the importance of targeted interventions to improve medication adherence in nonwhite populations.
We found that medication adherence was low across all disease and medication scenarios. The mean MPR across the 3 conditions was 0.55, indicating that prescribed medications are underused by 45% of optimal adherence within the first 6 months after initiation of evidence-based treatments for common neurologic disorders. Adherence varied by scenario, with the lowest adherence for gabapentinoids and SNRIs for neuropathy (0.49 and 0.55) and the highest adherence for cholinesterase inhibitors for dementia (0.70) and dopamine agonists in PD (0.64). The high adherence for donepezil was surprising since the health benefit of cholinesterase inhibitors is small and the population by definition has memory impairment. 16 However, the presence of caregivers for these patients may have ultimately improved medication adherence. 37 The lack of adherence seen in our study is not surprising, as even when OOP costs are low, drug adherence may be suboptimal. Studies have shown that even after life-threatening diseases take place, such as myocardial infarction, medication adherence rates geared to prevent subsequent events are poor. 38 Previous work has demonstrated that reminder mailings and other behavioral incentives may improve adherence, but whether these interventions would increase adherence in patients with neurologic diseases remains uncertain. 39, 40 Further studies regarding behavioral interventions are needed to explore why medication adherence varies so much by condition, which may provide insight into interventions to improve adherence.
Limitations include possible disease misclassification of ICD-9/ ICD-10 codes. Furthermore, the smaller sample sizes of the venlafaxine/duloxetine and pramipexole/ropinirole comparisons may have reduced our power to detect associations between OOP costs and adherence in the instrumental variable regression. On the other hand, we were able to find significant associations with both of our modeling approaches. We were unable to directly adjust for adverse events in our analysis. We were unable to measure immediate nonadherence for patients who did not fill their first prescription following a diagnosis, which could also relate to OOP costs. This could underestimate the effect OOP costs have on medication adherence. There are many reasons a patient may not start a medication; therefore, it is difficult to estimate which patients had immediate nonadherence due to OOP costs. We assumed that patients used all medication days supplied, which could overestimate medication adherence. One of the strong assumptions for the instrumental variable approach is that the instrument (medication choice) can only be related to the outcome (adherence) through OOP cost. If this assumption is violated, we will incorrectly overestimate the OOP cost effects. The results of traditional modeling approaches yielded similar results, which mitigated this limitation. This study was performed in a privately insured population; therefore, generalizability of results to other populations is unclear. However, this study has clear implications on out-of-pocket costs in the Medicare and Medicaid populations. Since greater health care disparities are seen in those populations, we would expect the results presented here to be amplified.
We found significant associations between higher OOP costs and decreased medication adherence for patients with 3 neurologic diseases and 4 different medication scenarios. As cost-shifting strategies and the development of new medications lead to increased patient OOP costs through copays and deductibles, it is important for physicians to have access to OOP cost information to inform their medical decisionmaking when choosing among similar medications. Finding the medication with the lowest OOP cost has the potential to increase medication adherence and ultimately improve patient care. Racial and ethnic disparities exist in medication adherence, which warrants further study and interventions.
